Introduction
============

As one of the most common malignant tumors, lung cancer is characterized by high morbidity and mortality rates ([@b1-ol-0-0-9185]). There are many types of lung cancer, and the number of patients with non-small cell lung cancer (NSCLC) is the largest, accounting for approximately 80% of the total number of patients with lung cancer ([@b2-ol-0-0-9185]). Due to the complex diagnosis of lung cancer and imperceptible early symptoms, 70--80% of patients with lung cancer are initially diagnosed at an advanced stage ([@b3-ol-0-0-9185]).

The p53 gene was originally considered a tumor suppressor gene that exerts an antitumor effect by regulating cell growth and apoptosis. After mutation, the wild-type p53 gene becomes the mutant-type p53 gene with an apoptosis-inhibiting effect, which can stimulate and promote the growth of tumor cells, losing the normal antitumor effect ([@b4-ol-0-0-9185]). Previous findings have confirmed that p53 gene mutates in 50% of human tumor tissues, and can be used as a tumor biomarker ([@b5-ol-0-0-9185]). Matrix metalloproteinase (MMP) is a zinc ion-dependent protease family, of which MMP-2 is a major member ([@b6-ol-0-0-9185],[@b7-ol-0-0-9185]). MMP-2 is mainly secreted by tumor cells and interstitial cells in the form of zymogen. After hydrolysis and activation, MMP-2 can degrade type IV collagen in the basement membrane. When the collagen in the basement membrane is degraded and destroyed, MMP-2 further affects the hindering effect of the basement membrane on tumor cells ([@b8-ol-0-0-9185]). MMP-2 has been shown to play a key role in degrading the extracellular matrix and promoting tumor invasion and metastasis ([@b9-ol-0-0-9185],[@b10-ol-0-0-9185]).

In recent years, surgery after adjuvant chemotherapy has become a new strategy for the treatment of lung cancer, but there are no unified criteria for the chemotherapeutic effect clinically at present. Therefore, in this study, the effects of interventional chemotherapy on the protein expressions of p53 and MMP-2 in tumor tissues of NSCLC patients, and their correlations with tumor cell apoptosis in patients and chemotherapeutic effect were investigated. The mRNA expression levels of p53 and MMP-2 in tumor tissues before and after chemotherapy were detected via reverse transcription-quantitative polymerase chain reaction (RT-qPCR). Changes in the protein expressions of p53 and MMP-2 in tumor tissues and tissue cell apoptosis before and after chemotherapy were further studied, and the correlations of the expression of p53 and MMP-2 in tumor tissues of patients with chemotherapeutic effect before chemotherapy were analyzed combined with clinical data.

Materials and methods
=====================

### Materials

Ribonucleic acid (RNA) extraction kit (Invitrogen, Carlsbad, CA, USA); primer synthesis, RT kit, real-time fluorescence quantitative PCR kit (Takara Biotechnology Co., Ltd., Dalian, China); p53, MMP-2, glyceraldehyde-3-phosphate dehydrogenase (GAPDH) primary antibodies and horseradish peroxidase (HRP)-labeled secondary antibodies (Proteintech, Wuhan, China); terminal deoxynucleoitidyl transferase-mediated dUTP nick end-labeling (TUNEL) apoptosis assay kit, DAPI staining solution and Triton X-100 (Nanjing KeyGen Biotech, Nanjing, China); protein extraction kit, and bicinchoninic acid (BCA) protein assay kit (Beyotime Biotechnology, Nantong, China) were used in the present study.

A total of 80 elderly patients with NSCLC aged ≥65 years, admitted to the Department of Surgery, The Second Hospital of Dalian Medical University (Dalian, China) were selected, including 44 males and 36 females with an average age of 75.5 years. Tissue specimens were obtained from all the patients via bronchoscopy and computed tomography (CT)-guided biopsy, and the patients were diagnosed with NSCLC via pathological examination but received no chemotherapy. Patients were treated with navelbine + cisplatin chemotherapy. At 2 weeks after chemotherapy, blood and urine routine, hepatic and renal functions, cardiac function and chest CT were reviewed. Patients underwent surgery at 2 weeks after chemotherapy, if there were no surgical contraindications. Specimens after chemotherapy were used as postoperative pathological specimens; one part of the specimens before and after chemotherapy was fixed with formalin and embedded into paraffin, while the other part was directly cryopreserved at −80°C. In the study, the acquisition of all the specimens was approved by the Clinical Ethics Committee of The Second Hospital of Dalian Medical University (Dalian, China). All the patients enrolled or their families signed the informed consent.

### Detection of mRNA expression of p53 and MMP-2 in tumor tissue specimens in patients before and after chemotherapy via RT-qPCR

Approximately 100 mg tumor tissue specimens before and after chemotherapy were taken from each patient, and the total RNA was extracted from the tissues to be tested according to the protocol of the RNA extraction kit. Specimens with an absorbance (A) 260/A280 ratio of 1.8--2.0 were selected for subsequent experiments. Reverse transcription was performed according to the protocol of the RT kit to obtain the complementary DNA (cDNA). With cDNA as a template, the mRNA expression of p53 and MMP-2 was detected via quantitative PCR, and GAPDH was used as an internal control. Primer sequences are shown in [Table I](#tI-ol-0-0-9185){ref-type="table"}. Reaction conditions were as follows: 95°C for 10 min, 95°C for 15 sec, 60°C for 1 min, and amplification for 35 cycles. The cycle threshold (Cq) value was output from the instrument software, and the relative expression level was calculated according to the formula: ΔCq (target gene) = Cq (target gene) - Cq (control gene).

### Detection of protein expression of p53 and MMP-2 in tumor tissue specimens in patients before and after chemotherapy via western blot analysis

An appropriate number of frozen tissue specimens of patients were taken, lysed using a tissue lysis buffer, and centrifuged at 3000 × g at 4°C for 15 min, prior to the supernatant being collected. The concentration of protein extracted was determined using a BCA kit, and 50 µg protein was subjected to sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), transferred onto a polyvinylidene fluoride (PVDF) membrane using the wet method, sealed using the blocking solution at room temperature for 2 h, and added with rabbit anti-human p53 and MMP-2 primary monoclonal antibodies (1:1,000; cat. nos. 2527 and 87809, respectively; both obtained from Cell Signaling Technology, Inc., Danvers, MA, USA) for incubation at 4°C overnight. The membrane was washed with TTBS 3 times and added with anti-rabbit IgG, HRP-linked secondary polyclonal antibody (1:2,000; cat. no. 7074; Cell Signaling Technology, Inc.) for incubation at room temperature for 2 h. Color was developed using the electrochemiluminescence (ECL) solution in the dark, followed by scanning and recording with a gel imager. The gray scale was analyzed and compared with GADPH as an internal reference.

### Detection of protein expression of p53 and MMP-2 in tumor tissue specimens in patients before and after chemotherapy via IHC

Tissue sections were routinely dewaxed, followed by antigen retrieval using the citrate buffer solution via microwave. Normal serum blocking solution was dropwise added to block the sections, p53 and MMP-2 primary antibodies (diluted at 1:100) were added, and the sections were placed in a refrigerator at 4°C overnight. The sections were washed with phosphate-buffered saline (PBS) 3 times, added with the biotin-labeled secondary antibodies for incubation for another 15 min, and washed again with PBS 3 times, followed by color development in the dark with DAB solution, re-staining with hematoxylin, sealing via gum, observation and photography under a microscope (TE2000-U, Nikon Corp., Tokyo, Japan).

Staining results were evaluated in randomly selected areas: the expression intensity was graded and scored according to the staining depth and percentage of positive cells. Staining intensity was: no staining (0 point), pale yellow (1 point), brown yellow (2 points) and dark brown (3 points); the number of positive cells in high-power fields (×400) was: \<5% (0 point), 5--25% (1 point), 26--50% (2 points) and \>50% (3 points). If the two points were added up, a score of \>3 points indicated a positive expression, while that of ≤2 points indicated a negative expression. Results were statistically analyzed.

### Detection of changes in apoptosis of tumor cells before and after chemotherapy via TUNEL assay

Sections were completely immersed in 4% paraformaldehyde fixing solution for fixation for 30 min, permeabilized with 1% Triton X-100 and rinsed 3 times. DNase I reaction solution (100 µl) already prepared was dropwise added onto the sections selected for incubation at 37°C for 30 min, and the sections were rinsed with PBS 3 times. The sections were then added with 50 µl TdT reaction solution, placed into a warm box, incubated in the dark at 37°C for 60 min, and rinsed again with PBS 3 times in the dark. The sections were added with streptavidin-tetraethyl rhodamine isothiocyanate (TRITC) labeling solution, placed into a wet box, incubated in the dark at 37°C for 30 min, and rinsed again with PBS 3 times in the dark. After re-staining via DAPI staining solution, the sections were incubated in the dark for 10 min, and rinsed with PBS 3 times in the dark, followed by observation and photography under a fluorescence microscope (Olympus Corporation, Tokyo, Japan).

### Correlation of p53 and MMP-2 protein expressions with chemotherapeutic effect

At 2 weeks after surgery, the chemotherapeutic effect was evaluated according to the therapeutic evaluation criteria of solid tumor of WHO. The effects were divided into four types: complete remission, partial remission, stable disease and progressive disease. Complete remission and partial remission indicated the effectiveness, while stable disease and progressive disease indicated the ineffectiveness, followed by data statistics and analysis.

### Statistical analysis

Statistical Product and Service Solutions (SPSS) 17.0 software (International Business Machines Corporation, Armonk, NY, USA) was used for data processing in the present study. Measurement data were presented as mean ± standard deviation, and Student\'s t-test was used for the intergroup comparison; Chi-square analysis was used for the comparison of enumeration data between two groups. P≤0.05 suggested that the difference was statistically significant.

Results
=======

### mRNA expression of p53 and MMP-2 in tissue specimens of patients before and after chemotherapy

Frozen tumor tissues and paracarcinoma normal tissues were taken from patients before and after chemotherapy to detect the mRNA expression of p53 and MMP-2 via RT-PCR. The results showed that the mRNA expression of p53 and MMP-2 in lung cancer tissues after chemotherapy were significantly lower than those before chemotherapy, and the differences were statistically significant (p\<0.01) ([Fig. 1](#f1-ol-0-0-9185){ref-type="fig"}).

### Protein expression of p53 and MMP-2 in tissue specimens of patients before and after chemotherapy

The protein expression of p53 and MMP-2 in tissue specimens of patients before and after chemotherapy were further detected via western blot analysis. The results showed that the protein expression of p53 and MMP-2 in tumor tissues of elderly patients with lung cancer after chemotherapy was significantly decreased compared with those before chemotherapy (p\<0.01) ([Fig. 2](#f2-ol-0-0-9185){ref-type="fig"}).

### Detection of the protein expression of p53 and MMP-2 in tissue specimens of patients before and after chemotherapy via IHC

IHC results revealed that p53 protein was located in the nucleus, while MMP-2 protein was located in the cytoplasm, showing the diffuse or scattered distribution ([Fig. 3](#f3-ol-0-0-9185){ref-type="fig"}). Statistical analysis showed that the positive expression rates of p53 and MMP-2 in lung cancer tissues of 80 patients were 76.25% (61/80) and 71.25% (57/80) before chemotherapy, respectively, and 27.50% (22/80) and 23.75% (19/80) after chemotherapy, respectively. The positive expression rates of p53 and MMP-2 after chemotherapy were significantly lower than those before chemotherapy, and the differences were statistically significant (p\<0.01).

### Changes in cell apoptosis in patients before and after chemotherapy

Results of the TUNEL assay showed that the green fluorescence-stained nucleus indicated the positive cells, namely apoptotic cells. Compared with that before chemotherapy, the number of apoptotic cells in tumor tissues of elderly patients with lung cancer was significantly increased after chemotherapy ([Fig. 4](#f4-ol-0-0-9185){ref-type="fig"}).

### Correlations of p53 and MMP-2 expressions in lung cancer tissues before chemotherapy with chemotherapeutic effect

The effective rates of chemotherapy in patients with a negative expression of p53 and MMP-2 in lung cancer tissues before chemotherapy were 78.95 and 78.26%, respectively, while those in patients with positive expressions of p53 and MMP-2 in lung cancer tissues before chemotherapy were 52.46 and 50.88%, respectively. The effective rates of chemotherapy in patients with negative expressions of p53 and MMP-2 in lung cancer tissues before chemotherapy were significantly higher than those in patients with positive expressions, and the differences were statistically significant (p\<0.01) ([Table II](#tII-ol-0-0-9185){ref-type="table"}).

Discussion
==========

Lung cancer has a high morbidity rate, and its mortality rate ranks first in malignant tumors in China ([@b11-ol-0-0-9185]). There are no obvious clinical symptoms of lung cancer in the early stage, thus patients have been in the advanced stage when diagnosed. Approximately 40% of patients with newly diagnosed lung cancer are elderly, aged above 65 years ([@b12-ol-0-0-9185]).

The p53 gene is located on human chromosome 17p13, which is a kind of tumor suppressor gene and pro-apoptosis gene. Wild-type p53 plays a key role in cellular gene transcription, cell cycle regulation, apoptosis, cell proliferation and differentiation ([@b13-ol-0-0-9185]--[@b15-ol-0-0-9185]). Previous findings showed that the mutation of p53 gene is closely related to the occurrence and development of liver cancer ([@b15-ol-0-0-9185],[@b16-ol-0-0-9185]). The content of wild-type p53 protein is very low in normal cells, and it has a short half-life period, and cannot be detected via IHC and other commonly used methods. However, the mutant-type p53 protein has a longer half-life period and a higher expression level, and is easily detected ([@b17-ol-0-0-9185],[@b18-ol-0-0-9185]).

The MMP-2 gene is located on human chromosome 16q21, which can degrade, not only type IV collagen in basement membrane, but also type V, VI and X collagen and gelatin following activation. Extracellular matrix and basement membrane act as natural barriers in tumor invasion and diffusion processes; thus, passing through this layer of tissue barrier is a key step in the tumor cell metastasis ([@b19-ol-0-0-9185]). Additionally, tumor cells can specifically express MMP-2 highly to degrade type IV collagen, and destroy the tissue barrier, thereby promoting tumor cell invasion and metastasis ([@b20-ol-0-0-9185]).

In this study, the effects of interventional chemotherapy on the protein expression of p53 and MMP-2 in tumor tissues of NSCLC patients, and their correlations with tumor cell apoptosis in patients and chemotherapeutic effect were investigated. The mRNA expression levels of p53 and MMP-2 in tumor tissues before and after chemotherapy were detected via RT-qPCR and the results showed that the mRNA expression levels of p53 and MMP-2 in lung cancer tissues after chemotherapy were significantly lower than those prior to chemotherapy. The protein expression levels of p53 and MMP-2 in tumor tissues before and after chemotherapy were further studied. The results showed that the protein expression of p53 and MMP-2 in tumor tissues of elderly patients with lung cancer after chemotherapy were significantly decreased, and the positive expression rates of p53 and MMP-2 after chemotherapy were significantly lower than those before chemotherapy. In addition, the effect of chemotherapy on apoptosis of tissue cells was studied via TUNEL assay. The results revealed that the number of apoptotic cells in tumor tissues of elderly patients with lung cancer was significantly higher after chemotherapy than those before chemotherapy. It was also found combined with clinical data analysis that the effective rates of chemotherapy in patients with negative expressions of p53 and MMP-2 in lung cancer tissues before chemotherapy were significantly higher than those in patients with positive expressions.

In conclusion, the results of the present study preliminarily demonstrate that the expression levels of p53 and MMP-2 can be used to predict the sensitivity of elderly patients with lung cancer to chemotherapy drugs, and both p53 and MMP-2 may serve as molecular markers for predicting the sensitivity of lung cancer to chemotherapy, better serving the clinical treatment.
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###### 

RT-qPCR primer sequences.

  Gene      Primer   Primer sequence
  --------- -------- ---------------------------------
  name      name     
  *p53*     F:       5′-TGCGTGTGGAGTATTTGGATG-3′
            R:       5′-TGGTACAGTCAGAGCCAACCTC-3′
  *MMP-2*   F:       5′-CTCATCGCAGATGCCTGGAA-3′
            R:       5′-TTCAGGTAATAGGCACCCTTGAAGA-3′
  *GAPDH*   F:       5′-GCACCGTCAAGGCTGAGAAC-3′
            R:       5′-TGGTGAAGACGCCAGTGGA-3′

F, forward; R, reverse.

###### 

Correlations of p53 and MMP-2 expressions in lung cancer tissues before chemotherapy with chemotherapeutic effect \[n (%)\].

                p53          MMP-2                                       
  ------------- ------------ -------- ------------ ------------ -------- ------------
  Effective     32 (52.46)            15 (78.95)   29 (50.88)            18 (78.26)
  Ineffective   29                    4            28                    5
  χ^2^                         4.19                               5.07   
  p-value                    \<0.05                             \<0.05   
